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the ocean
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Refrozen melt layer observed by NASA’s

QuikSCAT scatterometer in January 2005
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Refrozen melt layer observed by NASA’s

QuikSCAT scatterometer in January 2005
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Refrozen melt layer observed by NASA’s

QuikSCAT scatterometer in January 2005
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Objectives

What are the Primaryv Phvsical Processes and Ener
Responsible for Driving Surface Melt on West Antarctica?

Marine air advection
Cloud and radiative processes
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ARM “Extended Facility” deployed at
- WAIS Divide for 45 days in Dec 2015 - Jan 2016
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- WAIS Divide for 45 days in Dec 2015 - Jan 2016

—_—




D R

o
1
]
h)
<
<
J
O
-
<
©
-+

c

o)
N

e

o
L

N
L
o
=)
1




January 2016 Extensive Summer Melt in West Antarctica

Aqua MODIS Moisture Plume, 10 January WAIS Divide Sondes Snow Grain Photography

Before melt event, 8 Jan 2016
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Meteorological Drivers and Large-Scale Climate Forcing of
West Antarctic Surface Melt?

RYAN C. SCOTT
Scripps Institution of Oceanography, La Jolla, California

JULIEN P. NICOLAS AND DAVID H. BROMWICH
Byrd Polar and Climate Research Center, The Ohio State University, Columbus, Ohio

JOEL R. NORRIS AND DAN LUBIN

Scripps Institution of Oceanography, La Jolla, California

(Manuscript received 19 April 2018, in final form 12 September 2018)

ABSTRACT

Understanding the drivers of surface melting in West Antarctica is crucial for understanding future ice loss
and global sea level rise. This study identifies atmospheric drivers of surface melt on West Antarctic ice
shelves and ice sheet margins and relationships with tropical Pacific and high-latitude climate forcing using
multidecadal reanalysis and satellite datasets. Physical drivers of ice melt are diagnosed by comparing
satellite-observed melt patterns to anomalies of reanalysis near-surface air temperature, winds, and satellite-
derived cloud cover, radiative fluxes, and sea ice concentration based on an Antarctic summer synoptic cli-
matology spanning 1979-2017. Summer warming in West Antarctica is favored by Amundsen Sea (AS)
blocking activity and a negative phase of the southern annular mode (SAM), which both correlate with El
Nifio conditions in the tropical Pacific Ocean. Extensive melt events on the Ross—Amundsen sector of the
West Antarctic Ice Sheet (WAIS) are linked to persistent, intense AS blocking anticyclones, which force
intrusions of marine air over the ice sheet. Surface melting is primarily driven by enhanced downwelling
longwave radiation from clouds and a warm, moist atmosphere and by turbulent mixing of sensible heat to the
surface by fohn winds. Since the late 1990s, concurrent with ocean-driven WAIS mass loss, summer surface
melt occurrence has increased from the Amundsen Sea Embayment to the eastern Ross Ice Shelf. We link
this change to increasing anticyclonic advection of marine air into West Antarctica, amplified by increasing
air-sea fluxes associated with declining sea ice concentration in the coastal Ross-Amundsen Seas.
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Antarctic Melt Season
Synoptic Climatology
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How Has the WAIS Climate Changed During the 21st Century?

e During the 21st Century...

(1) Peninsula warming
e Antarctic Peninsula cooling

e Sea-ice expansion accelerated

Stacked-normalized T anomaly

Turner et al. 2016, Nature
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Seasonal sea ice concentration linear trend 79/80 to 98/99 Seasonal sea ice concentration linear trend 98/99 to 16/17
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How Has the WAIS Climate Changed During the 21st Century?

e During the 21st Century... (1) Peninsula warming

N

e Antarctic Peninsula cooling
e Sea-ice expansion accelerated

e What about the WAIS?
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At face value, these trends suggest
that WAIS has
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e During the 21st Century... (1) Peninsula warming
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e Antarctic Peninsula cooling
e Sea-ice expansion accelerated

e What about the WAIS?
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o Preceding analysis: WAIS warming is
_favored by blocking activity and -SAM
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How Has the WAIS Climate Changed During the 21st Century?

e During the 21st Century...

e Antarctic Peninsula cooling
e Sea-ice expansion accelerated

e What about the WAIS?

o Preceding analysis: WAIS warming is
favored by blocking activity and -SAM

e How has blocking changed off the coast
of West Antarctlca’? =
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e During the 21st Century...

e Antarctic Peninsula cooling
e Sea-ice expansion accelerated

e What about the WAIS?

o Preceding analysis: WAIS warming is
favored by blocking activity and -SAM
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21st Century Increase in Coastal WAIS Surface Melt
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Late 20th Century Warming & Melting of the Antarctic Peninsula:
Surface Melt-Induced Collapse of Larsen B Ice Shelf
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Late 20th Century Warming & Melting of the Antarctic Peninsula:
Surface Melt-Induced Collapse of Larsen B Ice Shelf
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Surface Melt Increase Likely Impacting WAIS Dynamics

GPS units on Pine Island Ice Shelf observed abrupt drop in surface elevation

_ : Both seasons characterized by strong +ASBI
of 0.2-0.3 m in response to warm summer temperatures (1-5°C) in 2012/13

13/14

PIG1 (0.93 m yr™)

PIG2 (1.12 m yr™)

SOW1 (0.77 m yr™)
SOW?2 (0.85 m yr)
BOAR (0.78 m yr)
SOW4 (0.86 m yr)
SOW3 (1.10 m yr™)
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summary

e Since the late 1990s;WAIS surface melt has
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Late 20th Century Warming & Melting of the Antarctic Peninsula
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melting led to the collapse of
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January 2017 melt days
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